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. Considerable evidence suggests that the process of atherosclerotic plaque formation start in infancy, progressing slowly until adult life when, after a long asymptomatic period, clinical manifestations of the disease can be verified.
Our objective is the presentation of the results of a literature search of studies documenting, on the basis of child and adolescent necropsies, the beginning of atherosclerotic disease in the pediatric age group.
Early hypotheses about mechanisms involved in atherogenesis arose in the middle of the nineteenth century. Currently, it is accepted that the pathogenesis of atherosclerosis represents the answer to aggression against the arterial endothelium, as initially proposed in 1856 2, 3 . Endothelial injury constitutes the initial event of the process of formation of the atherosclerotic plaque, and atherogenesis may be considered a protective inflammatory response to endothelial aggression 3 . As a result of endothelial injury, blood monocytes are chemotactically attracted to the arterial wall, entering the subendothelial space where, by means of complex processing, they are changed into macrophages. These cells incorporate large quantities of oxidized LDL (low-density lipoproteins) particles, transforming them into foam cells, which constitute the first chemically and microscopically detectable lesion by lipid deposits in the artery intima. Subsequently, monocytes continue to migrate to the intima; smooth muscle cells also start to migrate from the middle layer; also to accumulate lipid droplets, acquiring the appearance of foam cells. Following side-by-side localization on the intima's surface, these cells become macroscopically visible as yellowish fatty streaks [3] [4] [5] [6] . As the process evolves, not all modified LDL particles are taken up by macrophages. Some remain partly deposited in the extracellular matrix as groups of fat droplets 6, 7 . This leads to a dense accumulation of lipids in the extracellular space, constituting the so-called lipid nuclei formed by the increase and confluence of small groups of extracellular lipids. This lesion, called an atheroma, leads to intensive disorganization of the intima and thickening of the arterial wall that can be seen undergoing fissures, with the naked eye undergoing 8 . As the process evolves, formation of fibrous connective tissue sets in. When associated with a lipid nucleus, it constitutes a fibroatheroma, containing a lipid nucleus, a fibrous plaque covering and giving rise to a hematoma, hemorrhage, and thrombosis. This situation constitutes the major cause of morbidity and mortality secondary to atherosclerosis 8 . Stary et al 8 classified these lesions according to histological types as shown on Figure 1 .
Foam cells and fatty streaks may arise during the first decade of life, intermediary lesions and atheroma arise during the third decade, and fibroatheromas and more complicated lesions start during the 4th decade.
The first publications on atherosclerosis appeared at the beginning of the nineteenth century. Scarpa described the presence of fatty material and degeneration of the arterial wall of the coronaries of adult anginous individuals. From then on, several studies demonstrated that atheromatous plaques are associated with excess fat and cholesterol in the blood 9, 10 . Publications reporting on early formation of the atherosclerotic plaque in children and adolescents appeared at the same time.
In authors had found the disease in autopsies of adolescents and young adults who had died from acute infectious processes, thus establishing a relationship between acute infection and arterial disease.
In 1930, Zeek 9 in a review of the literature on juvenile atherosclerosis observed that the first mention of this condition in children was that of Hodgson in 1815. The author selected 98 well-defined cases of atherosclerosis in subjects up to 20 years of age and concluded that atherosclerosis can occur at any age level from birth onwards, without differences due to sex.
Enos et al 12 found grossly visible atherosclerosis in the coronary arteries of 77.3% of 300 American soldiers aged between 18 and 48 years, killed in the Korean War. The study called attention to atherosclerosis in young people.
Holman et al 13 in necropsy studies on 526 individuals aged from 1 to 40 years noted the appearance of fatty streaks from the first year of life on, and that the percentage of the arterial surface involved increased slowly until the age of 8 years, but afterwards progressed more rapidly. Fibrous plaques appeared in the second decade of life, increased until the third so that after the age of 30, 90% of the aortas had showed some degree of fibrous plaques. The conversion of streaks to fibrous plaques took approximately 15 years, and at 40 years about 20% of the area covered by the streaks had changed into fibrous plaques. The Caucasian race was most affected, as was the abdominal segment of the aorta 13 . Strong and McGill 14 dissected coronary arteries during 548 necropsies of patients from 1 to 69 years of age, observing that gross lesions were rare during the first decade of life, but rapidly increased over the following decades, becoming nearly universal in subjects over 40 years of age. In Caucasian men, coronary lesions developed more rapidly after the 4th decade of life; in blacks and women, development began from the 5th and 6th decades on. Patients who died from ischemic heart disease had more extensive lesions than those dying from other causes, strengthening the hypothesis that atherosclerosis is the most significant cardiac population risk and that lesions develop at least 20 years prior to the beginning of clinical manifestations 14 . The International Atherosclerosis Project, an extensive study about the geographic distribution of this disease involving 14 nations including the USA, Chile, Colombia, Puerto Rico, Costa Rica, Brazil, Guatemala, and South Africa, in 1968 published results of necropsies performed in 4,737 individuals of both sexes, aged between 10 and 39 years. The sequence of fat deposition occurred in the following manner in these subjects. The aorta was the first structure involved starting at infancy with the formation of fatty streaks, and peaking at puberty. In the coronaries, fatty streaks began at puberty, increasing significantly in the third decade of life, showing inclusively an evolution towards fibrous plaques. The carotids started to become involved at the same age range as the aorta; cerebral arteries were affected simultaneously with the coronaries 15 Newman et al 21 published the first results of the Bogalusa Heart Study, an important epidemiological research study performed in children, adolescents, and young adults. The study analyzed the presence of cardiovascular disease risk factors in children from birth to 26 years of age. The research correlated necropsy material with risk factors detected antemortem, observing that an important relationship existed between lipoprotein levels and arterial disease. This finding permitted the association between the presence of fibrous plaques in the coronaries and high levels of triglycerides and arterial pressure. The extent of fatty streaks was strongly correlated with high serum levels of total cholesterol and LDL and inversely, with HDL levels. The study concluded that risk factors are related to the development of atherosclerotic lesions starting at the most precocious stages of infancy.
Tanaka et al 22 in Japan, studying 2,856 patients dying between 1 month and 39 years of age, showed the presence of fatty streaks in the aortas of 29% of children less than 1 year old. Between 1 and 9 years, streaks were found in the coronaries of 3.1% of the cases, and in cerebral arteries of 1.9%. Above 10 years of age, lesions increased in coronary and cerebral arteries, progressed with age. Fatty streaks evolved rapidly in the second decade of life, and fibrous plaques increased during the third. Antemortem risk factors like age, serum cholesterol, and blood pressure levels were positively correlated with the extent of aortic and coronary lesions. Cerebral artery lesions showed a significant correlation with arterial pressure levels only.
Stary 23, 24 evaluated atherosclerosis progression in infants' and young adults' coronaries by studying arteries during necroscopy of 691 individuals who died between the first day of life and 39 years of age. Foam cells, which regressed following the first year of life, were observed in the artery intima of 45% of children up to 8 months of life. They returned at puberty, so that between 10 and 14 years 61% had large amounts of foam cells and fatty streaks. Advanced lesions were found in respectively, 7%, 14%, 21%, 33%, 61%, and 66% of individuals aged between 10 and 14, 15 and 19, 20 and 24, 25 and 29, 30 and 34, and 35 to 39 years, being more prevalent in males.
Pesonen et al 25 having a high mortality rate due to coronary artery disease; this suggested a hereditary predisposition.
Angelini et al 26 observed intimal proliferation of 95.3% of the coronary segments of children between 1 and 5 years of age. Fibrous plaques were detected from 6 years of age onwards, 24% of the individuals between 16 and 20 years with 1 or more plaques. The most affected site was the proximal part of the anterior descending artery.
New results from the Bogalusa Heart Study 27 were published following the analysis of aortas and coronaries of 150 necropsies of individuals aged between 6 and 30 years. The study reinforced the earlier conclusion that risk factors are correlated with the development of atherosclerosis and emphasized the need for cardiological prevention from the beginning of life.
Kaprio et al 28 evaluated the relationship between death from arterial coronary disease of grandparents and thickening of the intima in 136 children. The relationship was positive for 77 children, being most frequent in those with narrowing of the coronary lumen.
The multicenter study Pathological Determinants of Atherosclerosis in Youth (PDAY) 29 revealed that all aortas and about half of the right coronaries of 1,532 necropsies had atherosclerotic lesions in individuals aged between 15 and 19 years and that the extent of the lesions increased with age. The 50% prevalence of right coronary lesions in the younger group went up to 75% in the 30-to 34-year-old group and was greater in men who had more extensive coronary involvement and a greater trend towards evolution to more serious forms of the lesions.
Cornhill et al 30 in the PDAY study related the role of risk factors in the development and progress of arterial lesions in individuals between 15 and 34 years of age, indicating that aortic and right coronary atherosclerosis were positively associated with levels of LDL and VLDL, glucose intolerance, smoking, arterial hypertension, and obesity, and negatively associated with HDL levels. The authors suggested that a precocious modification of risk factors might benefit the retardation of the evolution of the disease.
Tracy et al 31 in a continuation of the Bogalusa Heart Study reinforced results obtained since the beginning of the research, by connecting the presence of aortic fatty streaks with antemortem serum levels of total cholesterol and LDL, and an inverse relationship with HDL. An association of right coronary lesions with high levels of total cholesterol, LDL, VLDL, and arterial hypertension was shown. New results showed that the presence of multiple concomitant risk factors aggravates atherosclerotic lesions of the aorta and coronaries, demonstrating a synergic effect on lesion evolution 32 . Strong et al 33 related new results of the PDAY study, totaling 2,876 individuals aged between 15 and 34 years dying from external causes, confirming earlier observations and concluding that the prevalence and extension of lesions increase rapidly over this age interval and that atherosclerotic disease should be prevented starting in infancy and adolescence.
Commentary
As already mentioned, interest in atherosclerosis in infancy and adolescence arose in the beginning of the nineteenth century; from then on, several reports on the presence of arterial lesions in these age groups have appeared. Many necropsy studies have been published indicating the precocious beginning of atherosclerotic lesions in infancy. The Bogalusa Heart Study and the PDAY Study correlated the occurrence of such lesions with the presence of risk factors and raised the possibility that the latter could precociously be involved in the later development of coronary artery disease.
In view of what has been revealed in the literature, evidence that the initiation of atherosclerotic lesions begins in infancy is no longer arguable; neither is the occurrence of a correlation between these lesions and the presence of risk factors in this age group, despite the still small number of studies confirming this relationship.
In spite of this evidence, the literature still discusses the need for programs aimed at the tracking of serum lipid and lipoprotein concentrations in the pediatric age group. Such tracking aims at the precocious detection and intervention on possibly elevated levels of lipids, considering the physiological alterations that occur for example during adolescence.
Some authors are against the tracking of lipid levels in the pediatric age group, claiming difficulties in its performance, high cost, adverse effects of labeling a child as hypercholesterolemic, and lack of demonstrable benefits of decreasing lipid levels in infancy to prevent disease in the adult [34] [35] [36] [37] [38] [39] [40] [41] [42] .
At the other extreme are authors who favor universal tracking of all children, regardless of the existence or nonexistence of risk factors, defending the idea that this type of tracking is more sensitive and could benefit children having high lipid levels [43] [44] [45] [46] . The Bogalusa Heart Study recommends tracking of cardiovascular risk factors, including total cholesterol and, when indicated, lipoproteins, as well as arterial pressure, weight, height, diet, physical activity, and smoking of all children during or prior to pre-school examination 47 . The National Cholesterol Education Program (NCEP) adopted an intermediary position, recommending the selective tracking of lipid levels of children above 2 years of age with a family history of hypercholesterolemia or precocious, that is prior to 55 years, cardiovascular disease, or of those whose family history cannot be obtained 1 . The American Academy of Pediatrics adopted and maintains the recommendations established by the NCEP 48 . The Brazilian Society of Cardiology through the Second Brazilian Consensus on Dyslipidemias also recommends selective tracking of the lipid profile of children and adolescents of the 2-to 19-year age group based on their family history and the presence of other risk factors 49 . Values for reference are found in Table I .
Prevention is the main form of control of disease consequent to atherosclerosis, and little has been done in terms of its implementation, especially in pediatric practice. The pediatrician, in general the only professional who accompanies an individual from his birth onwards, can fulfill an important role in the promotion of cardiovascular health by not limiting his focus of attention to diseases of childhood, but approaching adult disease as having its origin in the pediatric age group 50, 51 . According to the recommendations of the American Academy of Pediatrics and the Brazilian Society of Cardiology, indiscriminate determination of the lipid profile in children and adolescents is not recommended. Nevertheless, tracking between 2 and 19 years of age should be performed in the following situations: presence of grandparents, parents, brothers, uncles, and first cousins with coronary, or cerebrovascular, or peripheral manifest arterial disease or a combination of these earlier than 55 years of age in men and earlier than 65 years in women, close relatives with total cholesterol levels ≥300mg/dL or triglycerides ≥400mg/dL, presence of acute pancreatitis, xanthomatosis, obesity, or other risk factors for arterial coronary disease of the child or youngster.
Regrettably, not all pediatricians know about these recommendations and few include tracking and measures for the prevention of adult diseases in their daily practice.
Yet, the prevention of atherosclerosis is a responsibility of the pediatrician. He should identify and control cardiovascular risk factors present in infancy and adolescence by promoting cardiovascular health to his patients through the prevention or control, or both prevention and control of obesity, by encouraging regular physical exercise, by the detecting and controlling of arterial hypertension, encouraging healthy eating habits, discouraging smoking by adolescents and, when indicated, tracking of lipid levels 46, 51 . Cardiology societies in collaboration with those of pediatrics could perhaps promote campaigns for the clarification and sensitization of pediatricians on how to prevent factors capable of impairing cardiovascular health in adult life, from infancy onwards. In addition, they could promote campaigns to improve the understanding of healthier ways of life by the public.
In conclusion, the process of the formation of atherosclerotic lesions begins in infancy, being detectable already during the first year of life. Risk factors favoring the development of atherosclerotic lesions are present during infancy; their prevention should also begin during this period. 
